F
EW authors in the English literature JT:~ have discussed the surgical management of bilateral locked facets. Strict recommendations for surgical stabilization are not well defined, nor are the approach and timing of surgery. The goals of early definitive therapy are: to provide an optimum environment for neurological recovery (decompression, realignment, and/or stabilization); to facilitate early mobilization and thus avoid adverse systemic and psychological effects related to prolonged bed rest; to create the opportunity for an earlier start in the rehabilitation process; to reduce the difficulties of nursing care; and to decrease overall expense.
• We present our experience with 52 patients presenting with acute bilateral locked facets in the cervical spine who were treated over a 3 89 period in our trauma center. We address the efficacy and the timing of surgery through the use of accepted parameters measuring morbidity and recovery.
Clinical Material and Methods

Patient Population
The Shock Trauma Center in Baltimore, a statewide referral center for spinal injuries, annually treats more than 300 patients with cervical spinal cord injuries. During a 3~-year period (July, 1987 , through December, 1990), 52 consecutive patients with bilateral facet dislocations were treated by our service (5.0% of the 1040 patients with cervical spine trauma presenting during that period). Female patients comprised only 21.5% of this series.
FIG.
2. An example of the timing and mode of reduction of a typical patient with complete deficit from C5-6 bilateral locked facets. Traction up to 60% of this patient's body weight (BW) did not succeed in reducing the dislocation. After a second trial under anesthesia with complete muscle paralysis, reduction was achieved with about 62.5% of body weight.
FIG. 1. Flow chart summarizing our protocol for reduction of bilateral locked facets (BLF). The ideal time period until
achieving reduction is about 2 hours from the start of the process. Shortening the time period between injury and reduction may improve the outcome. G-W tongs = GardnerWells tongs; BW = body weight.
Treatment Protocol
All patients underwent evaluation and resuscitation interventions. The standardized protocol included simultaneous assessment and treatment of other injuries, intensive and invasive monitoring of vital signs, and hemodynamic manipulation to keep mean blood pressure above 85 mm Hg during the first 5 days postinjury (Fig. 1) . After appropriate clinical assessment of the patient and during radiological evaluation, GardnerWells tongs were placed. The initial traction weight was 10 lbs; at each weight increment, a radiological verification and neurological assessment were performed. The traction was increased in steps of 5 to 10 lbs until reduction or the usual preferred limits of 5 to 10 lbs/ cervical level (up to 50 Ibs or one-third of the patient's estimated body weight) was reached. The time of reduction was sometimes shortened by using a C-arm image intensifier to monitor the process. More weight was added if there was evidence of movement of the dislocated segment toward the perched position or if the patient was heavy and the dislocation was at a low segment (until two-thirds of body weight was reached). The presence of adjacent fractures, distraction, neurological worsening or intense pain during traction, or severe pre-existing spinal disease (such as ankylosing spondylitis) led to immediate open reduction. If the original reduction attempt failed after 60.0% of the patient's body weight was used for traction, the weight was reduced to approximately 30.0% of body weight, the patient was intubated and underwent complete muscle paralysis, and a short trial of reduction under fluoroscopic monitoring was attempted (Fig. 2) .
Open Reduction and Mode of Stabilization
All patients were considered mechanically unstable, and operative stabilization was an option for each. When reduction by closed means failed, surgery was undertaken on an emergency basis and usually instituted within 4 hours of attempted closed reduction. The decision for delayed operation was based on reasons of pure logistics (particularly delay in referral, three patients), systemic instability (severe multiple trauma, nonstabilized neurogenic shock, or impaired pulmonary status, six patients), or successful reduction in traction (17 patients). The preferred surgical approach was by posterior fixation. When there was either a complex fracture of the adjacent facets or a retropulsed fragment compromising the spinal canal, then an anterior approach and Caspar plating procedure was performed after closed reduction. The same approach was indicated in one patient with compression by a vertebral disc. Stabilization was performed by wiring the bilateral facets to the spinous process and by an interspinous wiring technique using standard wires or a flexible stranded stainless-steel cable system (used in the last five patients in the series). ~s To facilitate healing, all patients were placed either in collars or rigid Yale braces for approximately 10 to 12 weeks postoperatively.
Neurological Evaluation
Neurological function was tested and recorded successively by a team of physicians and qualified physio- therapists. The modified Frankel ~3 score of Benzel and Larson 2 is a seven-step scale: Grade I = complete motor and sensory, myelopathy; Grade II = complete motor deficit; Grade IIl = nonfunctional motor deficit; Grade IV = functional motor deficit; Grade V = limited walking ability; Grade VI = unlimited walking ability; and Grade VII = normal state. The standard motor score is derived from the sum of 10 muscle groups bilaterally, each graded 0 to 5 with a total potential score of 0 to 100. To define more accurately any improvement, we recorded each patient's initial Yale Motor Scale score, a measurement that takes into consideration only the scores of the muscle groups below the level of injury, divided by the n u m b e r of muscles tested (0 to 5). Whenever there was no clear-cut level, we defined it as the level at which the individual muscle power was scored 3 or less. The percentage change was calculated by dividing the score change by the initial difference of the score from the intact state. The sensory score equaled the sum of the testing scores (3 = normal, 2 = abnormal, 1 = absent) of each of the 29 dermatomes. The proprioception and sphincter status was also recorded.
Follow-Up Period and Assessment
Neurological function was tested and recorded at the following times: admission; postreduction; at discharge from acute hospitalization; 6 weeks postinjury; 3, 6, 9, and 12 months postinjury; and every 6 months thereafter. These neurological assessments were recorded on a computerized data base and compared. Serial flexion- extension radiographs were used to assess the anatomical results as well as the stability of the fusion.
Statistical Analysis
Chi-squared testing was applied for rates and proportions of the different groups. One-way analysis of variance was also used.
Results
Presentation
The 52 patients were divided into two groups according to the completeness of their myelopathy (Tables 1,  2 , and 3). On admission, 34 (65.4%) had a complete myelopathy, whereas 13 (25.0%) had some long-tract function, and five (9.6%) were intact. There was a similarity between the distribution of injury mechanism in both groups (Table 1 ). The C6-7 level was most frequently involved (19 cases, 36.5%), followed by C5-6 (16 cases, 30.8%), and C4-5 (12 cases, 23.1%) (Fig. 3) . Adjacent fractures were found in 20 patients (38.5%), and included the vertebral body (nine cases), facet (six cases), lamina or pedicle (three cases each), and transverse or spinous process (one case each). 
Reduction by Traction
Reduction by traction alone was successful in 31 patients (60.8%) and was achieved after a mean of 3.88 hours (range 0.93 to 7.33 hours). The mean weight needed for successful reduction was 32.7% of the patient's body weight (Fig. 4) ; 45.0% of patients needed more than one-third of their body weight. The weight was not linearly related to the segment involved and, in 15 of these 3 l patients, more than one-third of the patient's body weight was needed to accomplish reduction (up to 1 I0 lbs or 72.7% body weight). There was no statistically significant correlation between successful closed reduction and the presence of an adjacent fracture (p = 0.23). No complication was related to distraction.
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Reduction During Anesthesia and Surgery
Twenty patients were anesthetized to facilitate reduction; the attempt was successful in eight patients (40.0%) with a mean 34.4% of body weight (Table 4) . The other 12 underwent open reduction after a mean of 45.8% body weight traction failed to reduce the injuries (or the surgeon preferred to stop the attempts). One patient had a vertebral body compression and locked facets reduced by an anterior approach and a Caspar plate procedure.
Surgical Stabilization
Three patients did not undergo surgery: one died before surgery (on the 8th day postinjury) from adult respiratory distress syndrome, one had severe multiple trauma on admission and was placed in halo vest immobilization, and one 85-year-old man refused surgery and underwent spontaneous spinal fusion after halo vest application. Of the remaining 49 patients, 23 (including 12 who required open reduction) underwent operative stabilization during the first 24 hours after injury and 26 patients were kept in traction until surgery was performed at a mean of 8. stabilization with wiring of the bilateral facets to the spinous process and lilac bone graft fusion? Two patients needed immediate additional anterior procedures as complex fractures prevented their canals from being perfectly restored. All 49 survivors (46 of whom unde~'ent surgery) gained satisfactory alignment and stabilization; no patient required additional fusion procedures.
Caspar plates were placed in five patients (after fracture dislocation reduction in four). Of 40 patients undergoing radiological evaluation by postreduction computerized tomography (CT)-myelography studies, only one had signs of a herniated disc fragment. This was the only case in which contrast-enhanced CT studies and/or magnetic resonance (MR) imaging influenced the management decision. Four patients with anterior compression due to bone pathology underwent anterior stabilization: two as an initial procedure and two subsequent to posterior fusion. After surgery, Yale braces were used for 41 patients and halo vests for eight.
Morbidity and Mortality Rates
Four (30.7%) of the 13 patients with incomplete myelopathy had episodes of pneumonia or urinary' tract infection, as compared with 27 (79.4%) of the 34 with complete myelopathy (p < 0.05). Two (5.8%) of the 34 patients with complete myelopathy developed infection of their surgical wounds: one in the neck and one in the hip. The length of stay until discharge to a rehabil- 
Neurological Assessment
On discharge, seven (20.6%) of the 34 patients with complete injury changed their neurological grades; one gained the ability to walk (Fig. 5) . The rates of improve- An adequate follow-up period was available for 25 of the 48 survivors (mean 23.4 months, range 6 to 38 months). Patients with a follow-up period of less than I year are not included in Fig. 5 . The four patients with previous improvement after complete injuu continue to improve; three are now ambulato~. All patients with incomplete injury, improved and halfof them are without any residual myelopathy. No patient had significant complaints of neck pain or stiffness. Table 5 displays data from different series on neurological recovery in patients with bilateral locked facets.
Discussion
The Need for Managemem Protocol
Very few series ha,,e dealt exclusively with bilateral locked facets; '~> most series combine unilateral and bilateral dislocations. 4'5z~-TMI:-'~':~'z2 Detailed experimental studies have shed light on the possible mechanisms of injury. ~ Because this injuu is frequently encountered (5.0% in our experience as well as in other series of cervical spine injuries), there is a need to reevalaute the previously suggested protocols of treatment to include the advantages of a modern critical-care environment. Solutions to the initial severe neurological injuu are still lacking, 6 but we believe that improved protocols to treat and prevent secondary complications dictate changes toward more aggressive management, including early operative intervention. 23"24 It would be difficult to justify a randomized control study but, because early reduction may change the outcome, 524 we are new trying to compare our own historical results with those obtained under strict achievement of reduction within 4 to 8 hours.
The Limitations of Traction
Situations in which rapid reduction with extreme weight is recognized as dangerous are in the presence of: 1) adjacent fractures; 2) signs of distraction; and 3) pre-existing spinal disease. However, experience reported in at least two recent articles has shown that traction with weight above the recommended limit of 50 lbs can be safe.'922 This observation was based on the facts that newer tongs, like the Gardner-Wells tongs, when proper b placed, can maintain traction with approximately 120 lbs 22 and that continuous radioiogical monitoring reduces the risks of neurological worsening due to distraction. ,z>21 The amount of traction needed for successful reduction remains hard to assess. We believe that it is safer to consider early surgery than to expose the patient to the risks (albeit low) of extreme traction above 60.0% body weight followed by the risk of late instability.
Failure of reduction in traction at approximately 60.0% body weight, worsening of the neurological clef-icit, or successful reduction of only one facet joint mandates a short trial of traction under general anesthesia and full muscle relaxation] '~'~' Others have shown that this step is valuable and that successful reduction can be accomplished by the use of manipulation during muscle relaxation even without intubation. 7*~ As this step by our protocol is short and many of our patients are managed with intubation, we do not routinely use continuous evoked response monitoring as has been suggested by Green in a comment on an article by Maiman, et al. ~
Patients With Min~)r Neurological DejTcils
We found that an intact patient with bilateral locked facets is not a rare event (9.6% in our patient population). This high incidence might be related to increased awareness in field management of these patients, as Kleyn L~ did not reveal a single intact patient over 5 years. It is of extreme importance to preserve the intact neurological function by reducing the patient's dislocation in the safest manner possible. Therefore, we recommend the described protocol of early operative intervention instead of manipulation and excessive weight traction. We have not encountered increased neurological deficit with this protocol and believe that the injuries in these patients should be reduced quickly; this is in contrast to the opinion of others who state that there is no need for speed in reduction. ~<'724
Patients With Complete Neurological Dr
Patients with complete neurological deficits are prone to many secondary complications. 3 Successful treatment of these complications is a major achievement of modern critical-care units, as our results indicate. The 11.8% mortality rate in our group with a complete deficit is lower than has been described previously (Table 5) .
Role, Timing, and Technique oj Surgical Stabilizalion
We think that surgical stabilization offers the best chance for preventing late instability and pain syndrome from pseudoarthrosis. There were few attempts to define which patients would be prone to late instability, but the general knowledge is that these injuries are unstable: approximately 40.0% suffer late instability associated with the major ligamentous injuries, rupture of the joint capsule, and potentially the intervertebral disc. 3"7"9"1~176 Some authors were worried that surgery increases the risk of neck pain and stiffness, but this was not the case in our series. TM The technical aspects of the posterior fusion have been described previously and have recently been modified by using the Danek-Songer cable system.~' ~
Indications and Timing of Imaging Techniques
One patient (1.9%) had a disc bulge coexisting with the dislocated facets; this is at odds with a recent obserration (SE Doran and SM Papadopoulus, unpublished data), as he did not deteriorate during dislocation reduction. We still believe that reduction should not be delayed for MR imaging. Our previous study showed that, in a series of 177 patients with cervical cord injuries who underwent CT-myelography, only one patient with vertebral body fracture had a herniated intervertebral disc (J Ragheb, eta/., unpublished data).
Currently, we undertake CT-myelography or emergency MR imaging only when the level of the deficit does not correspond to the column injury level.
Melh)4predn isolone
Immediately after publication of the current steroid protocol, a we treated eight patients with the proposed protocol guidelines. Because of this relatively small number, we are at present unable to draw any conclusions as to its effect on our overall outcome. Certainly, the authors' analysis of this pharmacological intervention suggested that the earlier this treatment was given the better the results, indicating that timing may also be important for reduction. :~-4
Conclusions
We feel that the protocol outlined here resulted in significant neurological improvement in this group of patients. It is suggested that aggressive effort toward immediate reduction may be justified in the future. A prospective trial is currently underway.
